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(57) Abstract: A clay gelHng agent produces an aqueous alkaline 
anode gel (3) with suspended metal particulate. The combination 
of clay with other non-clay gelling agents can produce a superior 
gelled anode* suitable for use in alkaline electrochemical cells. 
Fojthennorc, the addition of at least one starch gelling agent to 
a clay-based anode gel, a carboxyvinyl-based (U. CARBOPOL) 
anode gel, or a caiboxymethylcellulose anode gel can produce a 
battery with improved stability when the cell is dropped, other- 
wise shaken, or exposed to beat The present gelling agents can 
also be used to gel electrolyte solutions that do not contain 
pended metal particles. 
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FIELD OF THE INVENTION 

The present invention relates to a novel gelling agent for use in gels for 
electrochemical systems, such as (but not limited to) anode gels and gelled 
electrolyte solutions for electrochemical cells. 



BACKGROUND OF THE INVENTION 

An electrochemical cell has a negative anode, a positive cathode and a 
separator between the two. The three components are wetted with an dectrolyte 
solution mat permits chemical reactions to take place at the electrodes. Although 
the technical definition of a battery is an array of two or more cells in one 
circuit, each cell is commonly referred to as a "battery." Any reference in mis 
specification to a battery should therefore be understood to refer either to a 
single cell or to an array of two or more cells, as appropriate. A cell that 
contains an alkaline electrolyte is commonly referred to as an alkaline battery. 
Electrochemical cells are also classified as primary ceDs, which are disposed of 
after discharging mem once, and rechargeable cells, which can be discharged, 
recharged, and discharged again. 

For the cell to deliver useful electrical current, chemical reactions and 
diffusion must proceed at a sufficiently high rate. Metals, for example metal 
alloy powders, are commonly used for the electrodes. Metal alloy particles have 
a high surface area to volume ratios, effectively increasing die rate of reaction. 
The porosity of the electrodes must be appropriate for the electrolyte solution to 
provide for ionic diffusion and mass transport as well as allowing space for 
reaction products. 
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In the case of a typical manganese dioxide-zinc alkaline cell, the cathode 
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for conductivity. The anode is o 



• mm 



ily zinc-alloy powder suspended in an 
aqueous alkaline electrolyte solution such as potassium hydroxide solution. This 
mixture is gelled using one or more materials commonly referred to as "gelling 
agents." Selection of an anode gelling agent is important, as this choice will 
impact the ease or difficulty of battery assembly, electrical performance, cdl 
stability, and hydrogen gas generation. Some of these cdl assembly 
considerations (e.g. gel integrity and flow properties) are discussed by Bennett in 
U.S. Pat Nos. 5,686,204 and 6,040,088. Conventional gelling agents have 
included such materials as starches, gums and ouhoxymethylcellulose. U.S. 
Pat. No. 4,455,358 (Graham) describes an anode gel comprising a modified 
starch as the gelling agent The applicant also cites U.S. Patent No. 6,022,639 
(Urry) and U.S. Patent No. 3,936,318, (Cole, Jr.). Urry describes the use of 
zinc flakes in an anode gel. Cole describes a two plate rechargeable cell. 

Before 1991, electrical contact between the zinc particles and between 
zinc particles and the current collector were enhanced by me presence of a small 
amount of mercury amalgamated onto the zinc particles. The requirement to 
switch to mercury-free cells introduced problems of shock and vibration 
sensitivity, shelf life issues and "gassing" of the cells. Various changes in cell 
design, gelling agents and/or corrosion inhibitors have been adopted since 1991 
to overcome the shortcomings of mercury-free systems. 

One such change was die switch from starch and caxboxyinetbylcelMose 
aopnts tn a carbomer tvoe celling agent such as Carbopol*. C 
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proven to produce 
. These systems, 
vibration stability. 



however, have still not overcome problems with shock an 
They also tend to have drawbacks in cell filling and equipment deaniip, as the 
tends to make the gel sticky. 



car 



WO 02/13304 



PCTrtJSOl/23495 



10 



IS 



20 



Much research work has been undertaken concerning the choice of gelling 
agents to overcome the problems of shelf life and sensitivity to shock during 
discharge of mercury-free alkaline manganese dioxide-zinc cells. U.S. Pat Nos. 
5,686,204 and 6,040,088 (Bennett) state that polyacrylate polymer made by 
modified bulk polymerization is a superior gelling agent in the anodes of alkaline 
electrochemical cells. The gels are said to resist syneresis (contraction of the gel 
accompanied by exudation of liquid). The gels also are said to provide lower 
viscosity, greater resistance to shock sensitivity, and superior electrical 
performance of the cells. U.S. Pat No. 4,963,447 (Nishamura) also claims to 
overcome shock sensitivity in a alkaline cell by means of a granular crosslinkmg 
type branched polyacrylic or polymethacrylic acid gelling agent having a main 
particle diameter of 200 to 900 microns. The gelling agent is crosslinked in the 
presence of a mixture of a polyvalent allyl and vinyl crosslinking agents and then 
granulated. 

In U.S. Pat. No. 5,587,254 (Kojima), shock resistance is said to be 
provided by the use of three gelling agents in comb i nation, namely, (1) a 
crosslinked polyacrylate type with particle size mainly 100 to 900 microns, (2) a 
crosslinked and branched polyacryhc acid or salt thereof with particle size of 
mainly 100 microns or smaller and (3) a granular crosslinked and branched 
polyacrylic acid or salt thereof with particle size of mainly 100 to 900 microns. 



25 



BRIEF SUMMARY OF THE INVENTION " 

The present invention involves the use of at least one day gelling agent or 
certain combined gelling agents for use in electrochemical systems, for example 
in an electrochemical cell. Although a commercially available type of alkaline 
cell is shown and described in detail in this specification and the drawings, the 
invention may be applied equally well to any ceD containing a gelled component 
The invention mav be used without regard to size or shape (including, but not 
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limited to, sizes AA, AAA, C, D, and 9V), and without regard to me ingredients 
or form of me electrolyte, anode, and cathode. 

One aspect of the invention is an electrochemical cell including a gelled 
anode suspension and a cathode. The gelled anode suspension contains anode 
metal particles, at least one clay gelling agent, and water. At least one non-day 
g elling agent and other materials may optionally be used in the anode suspension 
as well. 

A further aspect of the invention is the gelled anode suspension per se. 
A still further aspect of the invention is a method of making an 
electrochemical cell comprising, in any order, providing a cathode, making a 
gelled anode suspension, and assembling the cathode and anode suspension in 
operative relation to form an electrochemical cell. The gelled anode suspension 
is made by combining the ingredients defined in this specification, typically 
including metal particles, at least one day gelling agent, and water. Other 

IS in gre dients may also be present. 

Yet another aspect of the invention is an electrochemical cell comprising a 
cathode, an anode, and a gelled electrolyte suspension positioned in operative 
rdation to each other to complete the cell. The gelled dectrolyte suspension 
includes an electrolyte, at least one day gelling agent and water. The 

20 ingredients of the gelled electrolyte suspension are present in amounts effective 

to form a gel. 

Still another aspect of me invention is an electrochemical cell mcluding a 
cathode and a gelled anode suspension. The suspension contains anode metal 
particles, at least one carboxyvinyl polymer (also known as "carbomer") or 
carrx)xyme%lcellulose (CMC) gelling agent, at least one starch gelling agent, 
and water. Each ingredient is present in an amount effective to form a gd of the 
complete composition. The starch is present in an amount effective to improve 
the stability of the cell when dropped or heated. In addition, starch has been 
found to enhance cell electrical performance. 
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One or more of the following advantages may be realized, in whole or to 
some degree, by using the invention. The invention may reduce the cost of cell 
manufacturing, provide better electrical performance, or reduce the amount of 
the anode metal powder used (and thus the material cost of making the cell). 
The integrity of the gel may be improved and the suspension of the anode metal 
particles in the gel may be better maintained during manufacturing. The stability 
of the gel, particularly after the cell is stored or subjected to heat, may be 
improved. The batteries may be more stable and work better when subjected to 
mechanical shock or vibration, as by dropping or shaking them, either 
10 inadvertently or as part of the operation of a device powered by the batteries. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 



of embodiments, it wfll be understood that the invention is not limited to those 
embodiments. On the contrary, the invention includes all alternatives, 
modifications, and equivalents as may be included within the spirit and scope of 



positive current collector or can 2 is an electrically conductive container open on' 
one end and closed at the bottom. A gelled anode 3 is provided containing 
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the anode, suspended in an aqueous medium 
containing a gelling agent The gelled anode can be made electrically conductive 
by adding an ionic electrolyte, such as potassium hydroxide. The ionic 
conductivity between the anode and the cathode can be provided by locating an 
aqueous potassium hydroxide electrolyte between the gelled anode and the 

< . ■ ■ ■ 

cathode. 

Hie gelled anode 3 is contained by and contacts a separator 4 and contacts 
the negative current collector 1. The separator 4 acts to pass ions but not 
electrons between the cathode and anode, thus preventing a short circuit in the 
cell. The lining or separator is generally a paper-like material which is 
sufficiently non-porous to prevent particles of the two electrode materials from 
passing through, yet absorbent and permeable enough to allow ions in an 
electrolyte to pass from one electrode material (the anode gel) to the orfhcr 
electrode material. Separators are described in U.S. Patent No. 5,674,639 
(Urry). 

Cathode annular rings 5 made of pressed manganese dioxide powder are 
inserted into the positive current collector 2, forming a pressure contact with the 
positive current collector 2. A sealing disk 6 supports and isolates the negative 
current collector 1 and defines a gas space for reaction gases. A terminal cap or 
central pip 7 serving as the positive terminal is welded onto the positive current 
collector 2. A bead 8 is rolled into die container 2 near the open end to support 
the sealing disk 6. Hie open end of the container 2 is crimped over the sealing 
disk 6, thus sealing the cell. 

One example of the present invention is an improved alkaline battery or 
cell as shown in Figure 1, with the new anode gel as described below. In a 
conventional alkaline cell, die anode gel also contains an ionic electrolyte such as 
potassium hydroxide, which optionally can be part or all of the electrolyte of the 
cell. The anode and electrolyte of the present invention therefore can be 
provided as a single gelled slurry. 
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The present invention also is contemplated to find use for other types of 
electrochemical cells in which the anode is not provided in the form of particles 
suspended in me electrolyte gel. In this wmtmctioii, the present invention can 

he used to gel the electrolyte solution. 

The present invention also finds use in an alkaline cell in which part of 
the electrolyte solution is added to the cell after the cathode and separator are 
inserted, hut prior to addition of the anode gel. This electrolyte solution is 
allowed to soak into the separator and cathode. Some of this electrolyte solution 
remains as a separate phase from the anode gel. In mis cell construction, the 
anode gel and the electrolyte solution function together as the electrolyte for the 
cell. 

The clays that may he used as gelling agents may be natural, processed, 
or synthetic days having gelling properties. The days may be sdected from 
smectite, attapdgite and sepiolite clays. Reference is made to Mineralogical 
Sodety Monograph No.5. -Crystal Structures of Clay Minerals and their X-ray 
identification-, Brindley, G. at al., 1980, for an identification of these clays and 
their constituent sub-groups. Processed days are natural days that have been 
processed to reduce impurities or to alter the balance of their constituents, for 
example hy leaching or sedimentation or other techniques. Synthetic clays 
having equivalent structures and having gelling ability may also be used. 
Synthetic clays may have the advantage of being made from pure materials, thus 
avoiding the presence of impurities that can cause gassing or omer problems in 
some instances. 

For example, the smectite mineral known as hectorite is a magnesium 
silicate in which the anionic silicate lattice may or may not contain liunum and 
or fluorine atoms and is charge balanced by sodium or other cations. The 
hectorites useful here therefore include synthetic and natural minerals described 
in various terms in the prior art mcluding sodium magnesium sfficate^ 
magnesium fluorosflicate. sodium Umhun magnesium silicate and sodium lil 
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magnesium fluorosuicate. Hie preparation of synthetic hectorites by predpil 
techniques is described in British Patent Nos. 1054111, 1213122 and US Patent 
No. 4049780 of Laporte Industries. Synthetic hectorite is available 
commercially under ihe trademark "Laponite" from Southern Clay Products, 
Inc. of Gonzales, Texas. Synthetic hectorite having a formula according to the 
following general empirical formula may suitably be used: 

[Sis(MgJjbHc)O20(OH>iF,]"' zM + 

* 

whereina = 4.95 to 5.7, b = Oto 1.05, c - 0to2, a+b+c = 4 to 8,y 

charge balancing 



HID 



cation. 

The concentration of the clay is preferably at least 0.1%, suitably at least 

■ • 

0.025% by weight and effective to provide a gel having the required 
characteristics. The clay is not usually required to be in a concentration of more 
man 10%, more usually not more than 5% by weight in the gel. If synthetic 
clay, particularly synthetic hectorite, is used it may be possible to use a 
concentration of below 5%. even below 2.5%, by weight due to its high gelling 

ability. 

The clay mineral is preferably present as at least about 10% by weight of 
the total gelling agents used, alternatively at least about 20%, at least about 
30%, or up tol00% by weight of the total gelling agents used. 

Preferably, one or more clay minerals, one or more synthetic days, or a 
combination of mined and symhetic clays is used in conjunction with one or 
more non-day gelling agents. -Non-clay" as used herein is broadly defined to 
include any gelling agent or adjunct that is not a smectite, attapulgite or sepioHte 
clay and mat functions as a gelling agent or potentiates some other material as a 
gelling agent. Some examples of suitable non-day gelling agents are a 
polysaccharide, for example, a polysaccharide gum, a modified or uimiodified 
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starch, or a crosslink©! acrylate polymer (e.g. a super absorbent polymer). 
Other non-day gelling agents include caiboxyvinyl polymers (e.g. carbomer type 
material such as Carbopol* brand carboxyvinyl polymer from BF Goodrich). 
Combinations of two or more non-clay gelling agents are also contemplated. 
The non-day gelling agent is used to augment die properties of the day gelling 
agent used in an electrochemical cell. 

The polysaccharide gum non-clay gelling agent can be a xanthan gum 
(e.g. Kelzan* AR from Kelco Biqpolymers). Preferably, the polysaccharide 
gum is used in at least 0. 005 % by weight in the gel and concentrations up to 1 % , 
but more usually up to 0.5%, for example from 0.025% to 0.15% weight are 
contemplated. 

Hie non-day gelling agent can be one or more starches, which may be 
modified starches or 









ill 



ted starches. For example, suitably, one or moie 
starches selected from the group consisting of wheat, corn, waxy corn, potato, 
amilopectin potato, tapioca or a combination thereof can be used. Alternatively 
die starch may be a modified version of any of the above starches. The 
modification of the starch can be etherification including the formation of 
hydroxyprcpyl and hydroxyethyl ethers, esterification induding acetylatkm, 
phosphating and other alkyl and inorganic treatments or crosslinking such as the 
formation of di-starch esters and di-starch ethers. 

A particularly suitable starch is a potato starch such as Avebe* potato 
starch, sold by Cooperatieve Verkoqp en Productieveremging van 
Aardappelmed en Derivaten "AVEBE" B.A., a Netherlands corporation. If 
used in combination with a polysaccharide gum, in partial replacement therefor, 
starch further augments the properties of me gel in use in an electrochemical 
cell. Starch, a polysaccharide itself, can also be used in place of me 
polysaccharide gum. Syneresis can be controlled with just me starch. 
Preferably, me starch is used in at least 0.005%, preferably in at least 0.25% by 
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weight of the gel and concentrations of up to 1%, or even up to z.a* oy wergm 
are contemplated. 

The non-clay gelling agent can be a carboxyvinyl polymer (e.g. a 
carbomer such as Carbopol® 940 carboxyvinyl polymer from BF Goodrich) 
which can be used as from at least 0.005%, optionally at least 0.2596 by weight 
of the composition. The carboxyvinyl polymer can be used as up to about 
0.75%, alternatively up to 0.5% by weight of the composition. These 
proportions are representative, and do not represent mandatory limits. More or 
less man the stated proportions of any of the non-clay gelling agents can be used. 

The non-day gelling agent can be one or more crosslinked polyacrylate 
polymers, for example a sodium acrylate, potassium aery late, ammonhnn 
acrylate polymer or a combination thereof. The cross-linked polymer may 
suitably be present in the gelling agent in at least 0.005%, suitably in at least 
0.2% and up to 1% for example up to 0.4% by weight The cross-linked 
polymer can be one or more super absorbent polymers such as, for example, 
Alcosorb* Gl from Ciba Specialty Chemicals to achieve the desired objectives. 
Various particle size distributions of the Alcosorb* material can be used with 
similar results. 

The non-day gelling agent that can be used in mis invention can be 
carboxymethylcellulose , polyacrylamide, sodium polyacrylate, or other agents 
that are hydrolyzable in alkaline aqueous electrolyte solution. 

The aqueous alkaline electrolyte can be an alkaline metal hydroxide such 
as sodium hydroxide, potassium hydroxide, and the like, or mixtures thereof. 

* Potassium hydroxide is preferred. 

The anode gd may contain the metal or metal alloy particulates defining 
the anode as at least 50% by weight, alternatively up to 80 % by weight or more 
of die gd. These may be zinc metal or zinc alloy in powder, grannies, flakes, 
combinations of these physical forms (any of which, as well as any other high- 
surface area to volume form of zinc, are defined for the present purposes as 
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"zinc particles"), or other physical forms of the metal. In one embodiment, zinc 
flakes can be present in an amount between about 5 percent by weight to about 
70 percent by weight of the total zinc concentration, with the remainder being 
conventional zinc powder. Zinc particles having various particle size 
distributions can be used. After the desired anode particles are selected, the 
amount and selection of gelling agents and other ingredients can be optimized 



J 
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The zinc may be pure zinc, or an alloy comprising an appropriate amount 
of one or more of the metals selected from the group consisting of indium, lead, 
bismuth, lithium, calcium, aluminum, and the balance being zinc Any 
combination of alloy compositions may be used for the powders and flakes. The 
anode gel further comprises at least sufficient water to function, and not so mnch 
water as to unduly dilute the gel or to cause the anode in suspension to settle out. 

As a particularly preferred feature the present invention therefore 
provides an aqueous gel comprising one or more clay gelling agents; one or 
more non-day gelling agents; optionally an electrolyte (to form an electrolyte gel 
or an anode gel); and optionally metal particulates (to form an anode gel); all as 
described and in die quantities indicated above. 

Other components such as gassing inhibitors, organic or inorganic 
anticorrosive agents, binders, surfactants, conductive agents, or others, may be 
optionally added, simultaneously or separately, directly to the dry zinc mixture, 
or may alternatively be added to the electrolyte or gelled electrolyte before 
bl ending . Examples of gassing inhibitors or anticorrosive agents can include 
indium salts (such as indium hydroxide), perftuoroalkyl ammonium salts, alkali 
metal sulfides, etc. Examples of surfactants can include polyethylene oxide, 
polyoxy ethylene alkyl ethers, perfluoroalkyl compounds, and the like. Apart 
from the gelling agent described in this specification, the primary cell 
components can be conventional. Electrochemical cells according to the present 
invention can be formulated, manufactured, and assembled by a person of 
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ordinary skill in the art without undue experimentation, based on die knowledge 
in the art and the present disclosure. 

The gelling agents can be incorporated in an anode gel by dry blending a 
portion with die zinc powder, then dispersing the mixture in an aqueous 
electrolyte solution. They can also be incorporated directly in the electrolyte 
solution. Clumping can occur if the gelling agent is added direcdy as a dry 
powder to the electrolyte solution. Laponite should be hydrated in water, to 
achieve exfoliation, before adding the hydrated Laponite to the aqueous 
electrolyte solution. Skilled persons in this art do, however, know how to 
achieve adequate exfoliation when die Laponite is added dry to some formulas. 
The order of addition and the methods of mixing the components are not critical 
to this invention, providing a useful product is formed. 



Examples 

The invention will now be illustrated by means of examples, which are 
not to be considered as exhaustive or restrictive of the scope of me inv< 
itions are by weight unless otherwise specified. 



inn. 



Example 1 (Control) 

Standard cylindrical zinc/manganese dioxide alkaline AA size cells were 
prepared with a cathode active material, electrolyte solution and separator 
membrane. The cathodes contained 90% manganese dioxide, 6% graphite, and 
a<z on annenus ratassium hydroxide electrolyte solution. The separator 
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with 9N potassium 



membrane was an electrolyte permeable membrane c 
alcohol (PVA)/rayon fiber type. The separator was w< 
hydroxide free electrolyte solution containing 6% one oxide. The si 
gelled zinc anode contained 65% zinc alloy powder, 33% potassium hydroxide 
electrolyte solution containing 6% zinc oxide, 0.5% Carbopol* C940 gelling 
agent, and die remainder being a metallic corrosion inhibitor of indium oxide. 
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The electrical performance of the cells was tested by continuously 
discharging the cells through 3.9 ohms and 1.0 ohm to a cut-off of 0.8 Volts. 

» 

Table 1 shows the discbarge capacity measured in ampere-hours ("Ah") at me 
specific cut-off voltage. A greater discharge capacity indicates a better cell, 
from the point of view of electrical capacity. The control cell showed a 
discharge capacity of 1.63 Ah on the 3.9-ohms test and 0.93 Ah on me 1-ohm 
test. For the experimental cells, Examples 2 to 9 provided below, the percent 
difference versus the control cells with the Carbopol® gelling agent is shown. 

A drop test and a vibration test were also performed on die cells. The 
drop test is designed to measure the cell sensitivity due to mechanical shock. 
This mechanical shock is provided by dropping the cells from a height of 1 meter 
onto a steel plate mounted on a concrete base. Each cell was dropped three 
times, once onto the positive end, once onto the negative end, and once onto a 
side. The amperage of each cell was measured prior to the first drop and 
immediately after the third drop. The results are presented as die percentage of 
the initial amperage less 100% 0.e. percent difference). The smaller foe 
difference between amperages foe more stable the cell is. The result for foe 
control cell is seen in Table 1 indicating an -8 % difference. 

In foe vibration test, two cells in series were mounted on a test board and 
subjected to three different vibration environments: vertical impact, horizontal 
impact and vibration in two horizontal directions. This test simulates a 
motorized toy race car requiring two AA cells, running on an assembled racecar 
track with track variations that lead to three-dimensional forces. 

The three vibration environments are: (1) Vertical Impact (DO) - The cells 
were mounted in a cell holder and hit with a 60 pound per square inch vertical 
impact by a 1/2 inch cylindrical hammer mounted on a pneumatic piston. Ibis 
vertical impact was applied every 6 seconds for a total of 10 strokes/minute. (2) 
Horizontal Impact (Dl) - The test board, which had foe cell holders mounted to 
it, was hit horizontally by a pneumatic piston in intervals of 5 seconds on and 5 
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seconds off. (3) Vibration (D2) - A pneumatic turbine was mounted underneath 
the test board which had the cells mounted to it. Hus turbine vibrated 
vigorously for 55 seconds/minute. 

Figure 2 shows the sequence of events from D0-D2 and the time in 
5 seconds, while Figure 3 shows die motion of die cell during each vibration 

environment. 

Vibration tests are measured by service time to a certain cutoff voltage. 
The maximum service time was set to 60 minutes. If the cell voltage exceeded 
the cutoff voltage after 60 minutes, the final cell voltage was reported. Thus, if 
10 the cell lasted for 60 minutes without falling below the cutoff voltage, die higher 

the final voltage, die better the result 

Table 1 shows that the service time for this control example was over 60 
minutes at a cut-off voltage of 0.85V. 

Example 2 

15 AA alkaline cells as in Example 1 were prepared, but wife 1.8% 

Laponite® JS (from Southern Clay Products, Inc.) synthetic clay mineral in place 
of the Carbopol* C940 gelling agent referenced above. The water normally used 
to dilute concentrated potassium hydroxide for die 9N anode electrolyte solution 
was used to prepare an 18% Laponite JS solution premix. The Laponite was 

20 mixed with the water until hydration was complete and then the solution was 

used to prepare the anode gel. The electrolyte solution concentration was 
adjusted to accommodate for use of the water in die premix as well as die higher 
concentration of Laponite® JS used to prepare die gel (versus the Carbopol® 
control). 

25 The experimental cells were made one day after the anode gel was 

prepared. 

The performance and drop test results for the experimental ceDs are noted 
in Table 1, where the experimental cells exhibited lower performance in the 3.9- 
ohms and 1 .0-ohm tests: -13.7% and -15.8% respectfully. In addition, die drop 
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test showed a -60% difference in drop, indicating an unstable gel. In the 
vibration test, the Laponite® JS cells failed after 2 minutes. 

The anode gel of Example 2 showed syneresis after one day. This 
syneresis has the disadvantage that the anode gel would need to be used 
immediately after it is made. For optimal commercial manufacturing, the gel 
preferably should remain gelled without substantial syneresis for at least three 
days, so it can be made several days before it is used to fill cells. 
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Example 3 

In this example, a non-clay gelling agent was used with the clay gelling 
agent to prevent syneresis from occurring. The non-clay gelling agent used was 
a polysaccharide gum (Kelzan® AR xanthan gum from Kelco Biopolymm). 
This produced a stabilized gel for up to a week. 

The same AA alkaline cells as in Example 2 were prepared but with 
0.75% Laponite* JS and 0.3% Kelzan® AR. The amount of electrolyte was 
adjusted to accommodate the addition of Kelzan* AR. Experimental cells were 
made three days after the anode gel was prepared. 

The electrical performance as well as drop and vibration stability of the 
experimental cells is noted in Table 1. The experimental cells exhibited similar 
perfor mance to the control at 3.9 ohms and a slightly higher performance, 
+16.8%, at 1 ohm. In addition, the drop test showed performance similar to the 
control. 

In the vibration test, die addition of Kelzan* AR increased die service 
time to 28 minutes, after which the cells failed (0V). 
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Example 4 

In evaluating various addition 
that die addition of starch si 
at 3.9 ohms and 1.0 ohm. 



of non-clay gelling agents, it wa 
improved the drop test and performance 
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The same AA alkaline cells as in Example 3 were prepared but wito 0.5% 
Laponite® JS, 0.1% Kelzan* AR, and 0.75% potato starch (Avebe* potato 
starch). The concentration of die electrolyte solution was adjusted to 
accommodate the addition of starch. Experimental cells were prepared three days 



after making me anode gel. 

The results for electrical performance as well as drop and vibration 
stability are noted in Table 1. The experimental cells exhibited a slight increase 
in performance at 3.9 ohms (+4.0%) and a +27% increase at 1.0 ohm. In 
addition, toe experimental cells showed excellent drop results, indicating a very 
stable, distributed zinc network. 

With the addition of starch, toe cells lasted over 60 minutes in toe 
vibration test; however, toe cell voltage showed large fluctuations. 
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Examples 

Although the above experimental cells passed the vibration test, another 
non-day gelling agent was noted to improve gel stability during vibration. This 
non-day gelling agent was a crbsslinked polyacrylate super absorbent polymer 





WW 


ll 





adjusted 



Example 4 were prepared but with 0.5% 
potato starch, and 0.25% Akosoib* Gl. 
date the addition of the Alcosorb* 



iiiiiit:* 



Gl. 



The results for electrical performance as well as drop and vibration 
stability are noted in Table 1. The experimental cells exhibited similar 
performance to the control at 3.9 ohms (-3.4%) and at 1.0 ohm (0%) with the 
drop results comparable to the experimental cells of Example 4. 

In die vibration test, die cells lasted over 60 minutes at a cut-off voltage 

■ . 

of 0.87V. The slightly higher cutoff voltage in comparison to the control cells 
of Example 1 indicates that these cells will run longer than the control cdls. 
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Example 6 

The major cost contributor to the anode gel system is me zinc alloy 
particulate or powder. In this experiment, the zinc alloy powder was reduced to 
64% from 65% to see if me same electrical performance is maintain ed. This 
decrease would reduce the cost of the anode gel by approximately 1.5%. In 
addition, to further reduce costs of tins system, the starch was decreased to 
0.25% from 0.50% to see if drop test performance equivalent to the Carbopol 
control anode gelling system (Example 1) could be achieved. 

Thus, the same AA alkaline cells as in Example 5 were prepared but with 
64% zinc and 0.25% potato starch. The concentration of the Laponite solution 
was decreased to balance the loss of zinc and starch in the anode gel system. 

The performance, drop, and vibration results are noted in Table 1. The 
performance of the experimental cells shows a very slight decrease in 
performance at 3.9 ohms, compared to Example 1, but a slight increase 
compared to the equivalent Laponite JS anode system of Example 5. 
Performance at 1.0 ohm was actually 15% higher when compared to bom 
Example 1 and Example 5. 

The drop test results showed equivalent drop performance to Example 1 
but poorer performance in comparison to Example 5, due to the lower levels of 

potato starch used. 

In the vibration test, the cells lasted over 60 minutes to a cut-off voltage 
of 0.88V, indicating that these cells will run longer than the control cells. 
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Examples 7-9 

These examples were carried out similarly to Examples 2-6, but natural 
day gelling agents were used instead of LAPONITE* synthetic clay. 
Performance was comparable on 3.9 ohms to the CARBOPOL control and 
slightly lower on l.Oohm. Good drop performance was seen. The results of 
Examples 7-9 are presented in Table n. 
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Example No. 



Ex.1 



Ex. 2 Ex. 3 



|Gd Agent wt.%, identity 10.5 11.8 0.75 

jCarbopol Laponite | Laponite 

C940 *JS 
I non-clay I Synthetic |0.3 
1 ge llant Iclay IKelzan 
jgellant |non-day 
gellant 



Ex. 4 

[05 
Laponite 

0.1 

iKrizan, 

0.75 
iStaich 
i-clay 

I gellant 



lEx.5 Ex.6 

10.5 |0J 
| Laponite, |I apemite 

0.1 

lo.i 

IKelzan, 

0^5 
I Starch, 

10.25 

Alcosoib 10.25 
non-clay lAlcosor 
1 gellant lb 



0.5 
Stai 



Zn Powder % In Anode |65.16 |65 



65 



65 



65 



64 



Tests: 



3.9 ohms continuous dis- 1.75 
charge to 0.8V Capacity f 
inAh 

% vs. Example ljO 
(Control) 

1.0 ohms continuous dis-10.95 
charge to 0.8V Capacity f 
tin Ah 

1% ■■.■vs. Example 110 
(Control) 



il.51 



1.76 



-13.7 % +0.6% 



0.8 



1.11 



1.8 

0 

+2.9 % 
1.21 



1.69 



11.71 



-3.4 % -2.3 % 



0.95 



1.1 



-15.8 



16.8 



27.4 



0.0 



15.8 



Drop Test: 



Initial Amps 
Post Amps 
% change 



8.79 
8.13 
-8 



3.12 
1.24 
-60 



Vibration Test: 



I Service Time in minutes lover 60 12 
( at cut-off voltage) |(0.85V) 1(0V) 



10.36 

19.55 

-8 



128 

i(0V) 



9.06 
9.48 
5 



over 60 

1(0.9V) 



9.07 
9.69 
7 



10.94 
10.17 

1-7 



lover 60 lover 60 
(0.87V) |(P.88V) 
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ixample No. 



Table 2 



Example 71 Example 8 



Example 9 



itural Clay 
[Mineral 
>llo!d MO), 



Attagel 50 Pangel S-9 
Natural Clay, statural Clay, 



iel Agent %, Identlly 



J.25 

J co sorb 



:n Pow der % to Anode 
Tests: 



3.9 ohms continuous 
discharge to 0.8V 
Capacity In Ah 

% vs Example 1 
(Control) 

1.0 ohms continuous 
discharge to 0.8V 
Capacity in Ah 
%vs Example 1 

(Control) 



Drop Test: 



nttlal Amps 
ost Amps 

% change 



0.25 

Starch, 
Icosorb 



65 



1.75 



Service Time In minutes] 
at cut-off voltage] 



over 60 
[0.8& 



over 60 



>h, 
\2S 

Jcosorb 



over 60 

[0J 
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CLAIMS 

1. An electrochemical cell comprising 

a gelled anode suspension comprising anode metal particles, at 
least one clay gelling agent, and water, each present in an amount 
effective to form a gel; and 

a cathode. 
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2. The electrochemical cell of claim 1 wherein said anode 
least one or zinc alloy particulate. 



d is at 



3. The electrochemical cell of claim 1 wherein said day gelling agent 
comprises at least one naturally occurring, refined or synthetic mineral 
from attapulgjte, sepiolhe, or smectite. . . 

4. The electrochemical cell of claim 1 wherein said clay gelling agent 
comprises one or more of naturally occurring, refined, or synthetic smectite. 

5 The electrochemical cell of claim 1 wherein said day gelling agent 
comprises natural bectorite 

6. The electrochemical cell of claim 1 wherein said day gelling agent 
comprises synthetic bectorite 



25 



7. The electrochemical cell of claim 1 wherein said day gelling agent 
comprises synthetic hydrous sodium magnesium silicate. 

8. The dectrochemical cell of claim 1 wherein said day gelling agent 
comprises synthetic hydrous sodium hthium magnesium fluorosilicate 
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9. The electrochemical cell of claim 1 wherein said clay gelling agent 
comprises synthetic hydrous sodium lithium magnesium silicate. 

10. The electrochemical cell of claim 1 wherein said clay gelling agent 
comprises synthetic hydrous sodium lithium magnesium fluorosilicate. 



11. The electrochemical cell of claim 1 wherein said anode gel further 
comprises at least one non-clay gelling agent. 
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12. The electrochemical cell of claim 1 1 wherein said non-day gelling 
agent is selected from the group consisting of polysaccharides, carboxyvinyl 
polymers, crosslinked polyacrylate polymers and combinations thereof. 

13. The electrochemical cell of claim 1 1 wherein said non-clay gelling 
agent is xanthan gum. 



14. The electrochemical cell of claim 11 wherein said non-day gelhng 
agent is at least one polysaccharide present at between about 0.005% and al 
1 % of the total weight of the anode gd. 



20 



15. The electrochemical cell of claim 11 wherein said non-day gelling 
agent is at least one carboxyvinyl polymer present at between about 0.005% and 
about 0.75% of the total wdght of me anode gd. 
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16. The electrochemical cell of daim 11 wherein said non-day g 
agent is at least one crosslinked polyacrylate polymer. 



17. The electrochemical cell of claim 16 wherein said crosslinked 
polyacrylate polymer is selected from the group consisting of sodium acrylate, 
potassium acrylate, ammonium acrylate or a combination thereof. 
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18. The electrochemical cell of claim 16 wherein said 
polyacrylate polymer is present at between about 0.005% and about 1 % of the 
total weight of the anode gel. 

19. The electrochemical cell of claim 11 wherein said non-clay gelling 
agent is at least one unmodified or modified starch. 



20. The electrochemical cell of claim 19 wherein said starch is present 
at between about 0.005% and about 2.5% of the total weight of the anode gel. 

21 . The electrochemical cell of claim 19 wherein said starch is present 
at between about 0.25% and about 1 % by weight of the total weight of the anode 

gel. 

22. The electrochemical cell of claim 1, wherein said anode comprises 
zinc and said cathode comprises manganese 
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23. The electrochemical cell of claim 22, wherein said gelled anode 
suspension further comprises at least one alkaline electrolyte. 

24. A composition comprising: 
anode metal particles; 

a day gelling agent; and 
water, 

present in amounts effective to form a gel. 



25. A method of making an electrochemical cell comprising, in any 



order: 



a. providing a cathode; 
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b. making a gelled anode suspension by combining anode 
metal particles, at least one clay gelling agent, and water in amounts 
effective to form a gel; and 

c. assembling said cathode and said gelled anode suspension in 
5 operative relation to form an electrochemical cell. 

r 

26. An electrochemical cell comprising 

a. an anode; 

b. a cathode; and 

c. a gelled electrolyte suspension positioned in operative 
10 relation to said anode and said cathode, said gelled electrolyte suspension 

comprising at least one electrolyte, at least one clay gelling agent, and 
water, each present in an amount effective to form a gel. 

27. An dectrochemical cell comprising 

15 a. a gelled anode suspension comprising anode metal particles, 

at least one first gelling agent selected from carboxyvinyl polymer and 
carboxymethylcellulose, at least one starch second gelling agent, and 
water, each present in an amount effective to form a gel, and* the starch 
present in an amount effective to mq>rove the stability of the cell when 

20 dropped or heated or both; and 

b. a cathode. 
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28. The electrochemical cell of claim 27, wherein said first gelling 
comprises carboxyvinyl polymer. 



29. The electrochemical cell of claim 27, wherein said first gelling 
comprises caiboxymethylceDulose. 
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FIG 2 
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FIG 3 
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